Introduction
Neuraxial anesthesia has been used widely for cesarean section. Small dose of intrathecal local anesthetic was advocated, accompanied with low incidence of hypotension, [1] [2] [3] but it possibly increased the failures of spinal anesthesia. It was reported that epidural volume extension could increase the extent of sensory blockade from spinal bupivacaine, [4] [5] [6] but some documents reported that epidural volume extension had no effect on the profile of spinal anesthesia using hyperbaric bupivacaine. [7] [8] [9] [10] It is uncertain whether epidural volume extension decreased the dose requirement of spinal bupivacaine during combined spinal epidural anesthesia. 11 Ropivacaine administrated intrathecally has a slower onset of sensory block and motor block compared to hyperbaric bupivacaine.
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lv et al Therefore, we hypothesized that the median effective dose (ED 50 ) of intrathecal hyperbaric ropivacaine followed by epidural normal saline bolus for cesarean section would decrease. To verify our hypothesis, we investigated the ED 50 of intrathecal hyperbaric ropivacaine followed immediately by epidural normal saline bolus in parturients undergoing elective cesarean section using an up-down sequential allocation method.
Methods
The study was approved by the Ethical Committee of Jiaxing University (Chairman Prof Yin) and written informed consent was provided by all parturients. From November 2017 to February 2018, 60 full-term parturients undergoing elective cesarean delivery were eligible for this randomized, double-blind, prospective study. Exclusion criteria were patients with scarred uterus, body weight >85 kg, height <150 or >170 cm, Amerian Society of Anesthesiogists > II, multiple pregnancies, and contraindication to combined spinal-epidural anesthesia. All parturients were randomly divided into the control group (Group C) and the normal saline group (Group S), based on a computer-generated random number code.
All parturients had no premedication. On arrival in the operating center, standard monitoring, including electrocardiogram, noninvasive blood pressure (BP), heart rate (HR), and pulse oximetry (SpO 2 ), was applied and venous access was established. Ringer's solution was infused at a rate of 10 mL kg −1 h −1 during the study period. With the parturients in the left lateral position, an 18-G epidural needle was inserted into the epidural space at the third and fourth lumbar vertebral interspace and then a 27-G spinal needle (Sujia Medical Company, China) was inserted into the intrathecal space via the epidural needle. When cerebrospinal fluid (CSF) was aspirated, the premixed solution (total volume 2.5 mL of hyperbaric ropivacaine in all cases) was injected over 10 seconds with the needle orifice directed cephalad. After the spinal needle was withdrawn, 10 mL of epidural normal saline was given over 10 seconds through the epidural needle with the needle orifice directed cephalad immediately after intrathecal injection, but no epidural injection of normal saline was given after the intrathecal ropivacaine injection in the Group C, then epidural catheter was threaded 3-5 cm into the epidural space. The patient was then rapidly turned to supine position.
The ED 50 of intrathecal ropivacaine was determined through the up-and-down allocation method. The initial dose of intrathecal ropivacaine was 10 mg for the first patient in every group according to clinical experiment. The dose of intrathecal ropivacaine for the next one was determined by anesthetic effect of the last patient in each group. If spinal anesthesia of the previous patient was effective, the dose of intrathecal ropivacaine for the next one was decreased by 1 mg gradient. If spinal anesthesia of the last patient was ineffective, the dose of intrathecal ropivacaine for the next one was increased by 1 mg. The operation was performed after T6 sensory block was achieved. 10U oxytocin was administered by intramuscular injection in uterus after delivery.
In the previous studies, an effective spinal anesthesia was defined as T6 sensory block level was achieved by pinprick in the middle of body within 15 minutes after the intrathecal injection according to previous studies without additional epidural drug. [13] [14] [15] In our study, the effective spinal anesthesia was defined as a bilateral T6 sensory block level of the spinal anesthesia that was achieved by pinprick using 7-G needle within 10 minutes after inducing spinal anesthesia and no additional epidural drug or venous analgesic was administrated to complete operation. About 10-15 mL of 2% epidural lidocaine was administrated to complete the operation if a bilateral T6 sensory block level was not achieved or duration of anesthesia was not enough to complete the surgery. If the systolic BP was below 80 mmHg, a bolus of 50 µg phenylephrine was administered intravenously. If the HR was <60 beats/min, 0.3-0.5 mg atropine was administered intravenously.
Measurements
The primary outcome was the anesthetic effect of spinal anesthesia. The secondary outcomes were the side effects of spinal anesthesia. BP and HR were monitored at 5-minute intervals until the end of the surgery. The maximum of sensory block level, the onset time of sensory block or motor, and the duration of spinal anesthesia were recorded. The onset time of sensory block was defined as the time from intrathecal injection to T6 sensory block level achieved, and the duration of sensory block was defined as the time from intrathecal injection to the recovery of T12 sensory block level. The duration of spinal anesthesia was defined as the period from intrathecal injection to the recovery of T10 sensory block level or time of incision pain. Motor block was assessed using a Bromage score 16 (0=no motor loss, 1=inability to flex hip, 2=inability to flex hip and knee, 3=inability to flex hip, knee, and ankle). The onset of motor block was defined as the time from intrathecal injection to Bromage 1 block. Motor block regression was defined as the Bromage score was 0. Side effects of spinal anesthesia (hypotension, bradycardia, urinary retention, shivering, nausea, and vomiting) were recorded. Hypotension was defined as systolic BP was <80 mmHg and bradycardia was defined as HR was <60 beats/ min. Urinary retention was defined as urine volumes >50 mL by ultrasound. The neonatal Apgar score at the first and fifth minute was assessed, and umbilical artery pH was measured immediately after delivery.
statistical analysis
According to the analogous study [13] [14] [15] and our clinical experience, 26 patients were demanded in every group in the present study, because sample sizes were regarded as adequate when six pairs of reversal of sequences were achieved. Demographic data were presented as number or mean ± 
Results
The consort diagram of the study is showed in Figure 1 . Sixty-two patients were assessed for eligibility (two patients refused to participate), then 60 patients were enrolled in this study. There were no significant differences in the data of parturient women between the two groups ( Table 1 ). The Apgar scores and umbilical artery pH immediately after delivery were similar between the two groups. The ED 50 of hyperbaric ropivacaine determined by upand-down method was 7.51 mg (95% CI, 7.09-7.93 mg) in submit your manuscript | www.dovepress.com
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lv et al the Group S and 8.29 mg (95% CI, 7.73-8.85 mg) in the Group C. There was a significant difference in the ED 50 of ropivacaine between the two groups (P<0.05). "" represents an effective spinal anesthesia and "" represents an ineffective spinal anesthesia (Figure 2) .
Characteristics of effective spinal anesthesia were presented in Table 2 . There were significant differences in the maximum sensory block level and onset of sensory block between the two groups (6.7±1.2 vs 7.6±1.4, P<0.05). The 
Figure 2
The dose of intrathecal hyperbaric ropivacaine using the up-and-down method. Notes: "" represents an effective spinal anesthesia and "" represents an ineffective spinal anesthesia. group s is the normal saline group, group c is the control group. Number of the parturients Group C duration of spinal anesthesia was also similar between the two groups (58.2±13 vs 55.3±14, P>0.05). There were significant differences in the onset of motor block between the two groups (P>0.05).
The side effects of spinal anesthesia, such as hypotension, shivering, nausea, and vomiting were shown in Table 3 . There were no significant differences in the side effects between the two groups (P>0.05).
Discussion
We found that the ED 50 of intrathecal hyperbaric ropivacaine for cesarean section with or without following epidural normal saline bolus were 7.51 mg (95% CI, 7.09-7.93 mg) and 8.29 mg (95% CI, 7.73-8.85 mg), respectively. Our study also indicated that the ED 50 of intrathecal hyperbaric ropivacaine decreased by 11% when followed by epidural normal saline bolos in cesarean section.
Our study verified that the ED 50 of intrathecal ropivacaine decreased by 11% under epidural normal saline bolus using up-and-down allocated method. Up-and-down sequential method is a common method to decide the ED 50 of drugs and saves ample size in trials. 17 The studies of the ED 50 of intrathecal ropivacaine followed by epidural volume extension were few in obstetric patients. So we investigated the ED 50 of intrathecal ropivacaine for cesarean section followed by epidural volume extension.
Our study found that the onset of sensory block was shorter and that the maximum level of sensory block was greater when epidural normal saline bolus was administrated in the Group S than that in the Group C. The reason could be as following: epidural normal saline bolus brought about an increase of vertebral epidural cavity pressure. Changes of epidural cavity pressure would result in the redistribution of CSF between the cranial cavity and vertebral canal. Therefore, CSF transferred from the vertebral canal to the cranial direction with epidural normal saline bolus. At the same time, a greater amount of ropivacaine may shift in the cranial direction, and it improves the uppermost extent of sensory block. Our results were similar with many studies on the onset and maximum level of sensory block when epidural normal saline was administrated. It was reported that epidural volume extension led to an increase in the extent of sensory block, 4, 5 which was in agreement with our study. Epidural normal saline bolus brought about a decrease in ED 50 of intrathecal ropivacaine or hastened the spread of intrathecal ropivacaine in our study. However, another study reported that epidural volume extension did not decrease the dose of intrathecal hyperbaric bupivacaine or raise the level of sensory block when hyperbaric bupivacaine is used for spinal anesthesia. 18 The reason was probably as following: first, spinal anesthesia was performed in the left lateral position in the present study, not in the sitting position, as lumbar epidural normal saline flows into sacral canal during spinal anesthesia in the sitting position because of gravity. Second, the block level for surgery was different. The block level of T6 was achieved in obstetric patients, but the block level of T10 was achieved in lower limb orthopedic surgery. Lastly, the intrathecal anesthetic in our study was different from their studies. Epidural volume extension could not hasten the onset of motor block in cesarean section in the present study. Lew et al 19 reported that combined spinal-epidural anesthesia using epidural volume extension hastened motor recovery after elective cesarean delivery, but the onset of motor block was not hastened in our study, it was in relation to the extent of intrathecal hyperbaric ropivacaine under epidural volume extension. As there were some difficulties in the assessment of motor recovery, we did not observe the accurate time of the motor recovery in the present study.
Limitations
Many factors may play a role on the results of experiment, for example, height, abdominal perimeter, vertebral length, and operative time. Moreover, the ED 50 of spinal ropivacaine was calculated by a formula.
Conclusion
The ED 50 of intrathecal hyperbaric ropivacaine for cesarean section is 8.29 mg, and it is reduced further by epidural normal saline bolus. 
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